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OBJECTIVE—Weexaminedtheindependentassociationsbetweenobjectivelymeasuredfree-
livingphysical activityenergy expenditure(PAEE) and themetabolic syndrome inadultsinrural
and urban Cameroon.
RESEARCH DESIGN AND METHODS—PAEE was measured in 552 rural and urban




59.6 6 23.7 kJ/kg/day, P , 0.001) and a higher prevalence of the metabolic syndrome (17.7 vs.
3.5%, P , 0.001). In multivariate regression models adjusted for possible confounders, each
kJ/kg/day of PAEE wasassociated with a2.1% lower risk of prevalent metabolic syndrome (odds
ratio0.98,P=0.03).Thisimpliesa6.5kJ/kg/daydifferenceinPAEE,equivalentto30min/dayof
brisk walking, corresponds to a 13.7% lower risk of prevalent metabolic syndrome. The pop-
ulation attributable fraction of prevalent metabolic syndrome due to being in the lowest quartile
of PAEE was 26.3% (25.3% in women and 35.7% in men).
CONCLUSIONS—Urban compared with rural residence is associated with lower PAEE and
higher prevalence of metabolic syndrome. PAEE is strongly independently associated with prev-
alent metabolic syndrome in adult Cameroonians. Modest population-wide changes in PAEE
may have signiﬁcant beneﬁts in terms of reducing the emerging burden of metabolic diseases in
sub-Saharan Africa.
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T
he burden of cardiovascular and
other noncommunicable diseases is
rising rapidly in developing coun-
tries (1). This epidemiological transition
is characterized by the increasing preva-
lence of etiological risk factors such as
obesity, diabetes, and high blood pressure
(2). The clustering of these factors, termed
the metabolic syndrome, confers a greater
risk of premature morbidity and mortality
(3). Epidemiological studies suggest that a
signiﬁcant part of the cardiovascular dis-
ease (CVD) epidemic is attributable to
changesinlifestyleriskfactors,exempliﬁed
by reduction in physical activity and
increased consumption of high-energy
processed foods (2).
Rapid urbanization in many sub-
Saharan African countries may contribute
to the epidemiological transition in the
region. Previous studies demonstrate a
positive rural-urban gradient in terms of
theprevalenceofriskfactors(4,5).Etiolog-
ical risk factors such as obesity, glucose
intolerance, and high blood pressure are
measured precisely with standardized
methods in epidemiological studies.
Therefore, these data are relatively valid
and comparable across studies and differ-
ent populations.However, lifestyle factors
such as physical activity and diet are com-
plexbehaviorsthataredifﬁculttomeasure
in free-living individuals. Few studies ex-
amining the association between physical
activity with CVD risk factors in sub-
Saharan African countries have used an
objective measure of free-living physical
activity (6,7), and none of these included
both urban and rural dwellers. Because
of the complexity of measuring physical
activity objectively, most previous studies
have used self-report questionnaires to
estimate free-living physical activity (8,9).
The use of physical activity question-
naires in free-living population studies
introduces the potential for error and
recall bias, as well as other differential
misclassiﬁcationsthatmayresultfromthe
dimension or domain of activity assessed
by the questionnaire (10,11). Objective
measurementoffree-livingphysicalactivity
and its association with health outcomes is
therefore imperative for quantifying dose-
response associations and accurately mon-
itoring longitudinal trends or the effects of
public health interventions. Only a few
studies (12,13) have reported on objec-
tivelymeasuredfree-livingphysicalactiv-
ity and its association with the metabolic
syndrome—none of them were in an
African population.
The aim of this cross-sectional study
was to examine the independent associa-
tions between free-living physical activity
energy expenditure (PAEE) and the met-
abolic syndrome in adult Cameroonians.
RESEARCH DESIGN AND
METHODS—Participants for this study
were recruited from two urban areas
(Yaoundé, the capital city of Cameroon,
and Bamenda, the capital city of the
North Western region) and two rural areas
(Mbankomo and Bafut) of Cameroon. The
inhabitants of the urban sites are mainly
middle-class public or private sector
workers or businessmen. Residential
houses in the urban areas are grouped
closely together and arranged in blocks
with paved or graded road access. In the
ruralareas,theinhabitantsaremainlyfarm-
ers and/or petty traders. The rural habita-
tion pattern is sparse, with most of the
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Cardiovascular and Metabolic Risk
ORIGINAL ARTICLEAs a result of the absence of complete
population registers, a sampling frame was
established following enumeration of eligi-
ble adults in houses in delimited areas of
the study sites. Eligible participants were
adults aged between 25 and 55 years
without previously diagnosed diabetes or
any known cardiovascular disease. All
3,854 eligible participants (rural: N =
2,238, mean age 35.3 6 7.7 years; urban:
N = 1,616, mean age 35.4 6 8.3 years) in
the sampling frame were approached
through door-to-door recruitment and in-
vited to participate in the study. A total of
651 volunteers (rural: N =3 0 3 ,m e a na g e
38.568.3years;urban:N=348,meanage
37.9 6 9.1 years) took part in this study.
Volunteers were provided detailed infor-
mation about the study verbally and in
writing, and invited to attend a testing ses-
sionattheirlocalhospital.Volunteerswere
asked to refrain from eating, drinking or
s m o k i n gs t a r t i n ga t1 0 : 0 0P.M. the evening
prior to testing. Personal and sociodemo-
graphic data, as well as data on smoking,
alcohol consumption, and fruit and vege-
table intake were collected by self-report
using an adapted World Health Organiza-
tion (WHO) STEPwise Approach to Sure-
veillance questionnaire.
Ethical approval for the study was ob-
tained from the Cameroon National Ethics
Committee, and all participants provided
signedinformedconsent.Pregnantwomen
and other volunteers who could not take
part in exercise testing according to study
protocolwereexcludedfromthestudy.An
exercise screening questionnaire, adapted
from the WHO Rose angina questionnaire
was used to screen for preexisting cardio-
vascular disease which would contraindi-
cate exercise testing.
Physical activity measurement
Free-living physical activity was mea-
sured using a combined heart rate (HR)
and movement sensor (Actiheart; Cam-
bridge Neurotechnology, Cambridge,
U.K.) which has been validated in this
population in free-living adults with
doubly labeled water method as criterion
(14). The individual HR response to the
mechanical work during an 8-min incre-
mental step test was used for individual
calibration of HR data (15). During the
test, HR was monitored in real time and
the test was aborted if HR reached 90% of
theage-predictedmaximumHR(16),ifthe
subject could not keep up with the step-
ping protocol, or if they requested to stop.
Free-living physical activity was mea-
sured in1-minepochsusingthecombined
HR and movement sensor over 7 con-
tinuous days. The participants were re-
quested to carry on with their normal
habitual lifestyle and wear the monitor at
all times except while showering, bathing,
or swimming. The mean 6 SD worn du-
ration was 6.3 6 1.6 days. Participants
with less than 2 full days of free-living
data (n = 51) were not included in these
analyses. HR data were preprocessed (17)
and converted to energy expenditure us-
ingtheindividualcalibrationderivedfrom
the step test, and the accelerometer data
were converted to energy expenditure us-
ing group acceleration equations corre-
sponding to level walking or running
(15). Minute-by-minute HR and move-
ment-derived physical activity intensity
was combined in a branched equation
model (18) to calculate free-living PAEE.
Basal metabolic rate (~resting energy ex-
penditure [REE]) was estimated using the
Oxford equations (19), and total energy
expenditure (TEE) was calculated by add-
ing REE and a component for the thermic
effect of food (equivalent to 10% of TEE)
to the derived PAEE. Energy expenditure
variables are expressed per kilogram body
weight to adjust for differences in body
size. The physical activity level was calcu-
lated as TEE/REE. The distribution of in-
tensityofactivitywasexpressedasaverage
daily time (min/day) spent at 1 MET equal
totimespentasleeporsedentary,between
1 and 3 METs equal to light physical ac-
tivity, above 3 METs equal to moderate-
to-vigorous physical activity. An estimate
of cardiorespiratory ﬁtness (VO2max in mL
of O2/kg/min) was calculated as the in-
tensity of work at the age-predicted max-
imum heart rate (15) by extrapolation
of the individual heart rate response to




Height was measured without shoes
using a standard rigid stadiometer. Body
weight wasmeasuredusing electronic clin-
ical scales, and body composition was
measured using bio-impedance (Tanita
TBF-531 scales; Tanita UK, Uxbridge,
Middlesex, U.K.). BMI was calculated as
the ratio of body weight (kg) to the square
of height (m
2) and categorized as normal:
,25; overweight: $25to,30;and obese:
$30 kg/m
2.
Waist circumference was measured at
thelevelofthemidpointbetweenthelower
costalmarginandtheanteriorsuperioriliac
crests. Measurement was made to the
nearest0.1cmusinganonstretchﬁberglass
tape measure with participants wearing
light indoor clothing. Central obesity was
deﬁned as waist circumference $80 cm in
womenor$94cminmen,orusingthecut
points of the National Cholesterol Educa-
tion Program-Adult Treatment Panel III
(NCEP-ATPIII) (20) when included tode-
ﬁne the metabolic syndrome.
Blood pressure was measured using
the Omron M4-1 automatic blood pres-
sure monitor. Measurements were made
on the dominant arm after 5 min of rest
with the subject seated. Three measure-
ments were taken at 1-min intervals, and
the average of the three constituted the
ﬁnal blood pressure value.
A standard oral glucose tolerance test
was carried out in all participants. Capil-
lary blood glucose readings were mea-
suredafteranovernightfastofatleast8h,
a n dt h e n2ha f t e ri n g e s t i o no f7 5go f
glucose dissolved in 300 mL of water.
Blood glucose measurements were done
on whole fresh capillary blood using a
Hemocue B-Glucose Analyzer (HemoCue
AB, Ängelholm, Sweden).
Metabolic syndrome and clustered
metabolic risk score
The metabolic syndrome was deﬁned
using the NCEP-ATP III criteria (20).
To demonstrate the population distribu-
tion of global metabolic health, we
computed a continuous summary meta-
bolic risk score (z-score) largely on the
basis of the components of the metabolic
syndrome. This variable was derived by
standardizing and then summing waist
circumference, blood pressure (average
of systolic and diastolic), blood glucose
(average of fasting, 30-min, and 2-h glu-
cose), triglycerides, body fat, fasting insu-
lin, and inverse HDL cholesterol. The
standardization of these continuous vari-
ables was computed by subtracting the
sample mean from the individual value
andthen dividingbythe SDof thesample
mean. Sex-speciﬁc calculations were
made for waist circumference, body fat,
fasting insulin, and HDL cholesterol.
Biochemical assays
Fasting blood samples were collected in
the mornings between 7:30 and 9:30 A.M.
Plasma and serum samples were sepa-
rated upon collection in a refrigerated
centrifuge at 4°C. After centrifugation at
~1,400g, samples were aliquoted and
stored at 280°C. Samples were transpor-
ted on dry ice by air to Cambridge (U.K.)
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ses. Assays were performed by the Na-
tional Institute for Health Research
Cambridge Biomedical Research Centre,
Core Biochemical Assay Laboratory. HDL
cholesterol and triglycerides were mea-
sured using automated assays on the
Dade Behring Dimension RxL analyzer
(Siemens Healthcare, Camberley, U.K.).
HDL was measured using a homogenous
accelerator selective detergent assay and
triglycerides were measured using an
enzymatic assay according to manufac-
turers’ speciﬁcations. LDL was calcu-
lated by the Friedwald formula (LDL =
Cholesterol2HDL2[Triglycerides/2.2]).
Fasting insulin was assayed in singleton
on a 1235 AutoDELFIA automatic immu-
noassay system using a two-step time
resolved ﬂuorometric assay kit manufac-
tured by Perkin Elmer Life Sciences (Wallac
Oy, Turku, Finland). Cross-reactivity
with intact proinsulin was ,0.5% at
2,736 pmol/L, 32–33 split proinsulin 1%
at 2,800 pmol/L, and C-peptide ,0.1% at
5,280 pmol/L.
Calculations and statistical analyses
Analyses were carried out using STATA
version 10.1 (StataCorp, College Station,
TX). Where applicable, the level of sta-
tistical signiﬁcance was considered at
P , 0.05.
Descriptive characteristics of the
study sample are presented as means
with SD, adjusted means with SE, or as
numberswithproportions,stratiﬁedbysex-
speciﬁc PAEE quartiles. For dichotomous
grouping variables, difference in means
was assessed using the Student t test and
difference in proportion using the x
2 test
or Fisher exact test. Linear trends across
PAEE quartiles were assessed by linear
regression.
Independent associations between
PAEE and the metabolic syndrome were
examined in multivariate logistic regres-
sion models. There was no PAEE interac-
tion by residential site or sex on its
association with the metabolic syndrome.
Models were either unadjusted or ad-
justed for age, sex, residential site, smok-
ing, alcohol consumption, fruit and
vegetable consumption, and educational
level (as a surrogate for socioeconomic
status). To illustrate the population im-
pact of physical inactivity on metabolic
health, we calculated the population at-
tributable fraction of prevalent metabolic
syndrome due to being in the lowest
quartile of PAEE (Q1-PAEE). The popu-
lation attributable fraction was computed
as = (prevalence of Q1-PAEE in case




of the study sample stratiﬁed by sex and
rural or urban residence are presented in
Supplementary Table1.Clinicalandmet-
abolic characteristics of the study sample
stratiﬁedbysex-speciﬁcquartilesofPAEE
are presented in Table 1. Most of the in-
dividual metabolic and clinical parame-
ters, as well as the clustered metabolic
risk score or prevalence of the metabolic
syndrome showed a signiﬁcant linear
trend across quartiles of PAEE. Blood lip-
ids were generally low in this sample with
no sex or rural-urban differences. Preva-
lence of metabolic syndrome was almost
fourfold lower in the highest compared
with the lowest quartile of PAEE.
Urban dwellers had a signiﬁcantly
lower PAEE than rural dwellers (44.2 6
21.0 vs. 59.6 6 23.7 kJ/kg/day, P ,
0.001) and a higher prevalence of the met-
abolic syndrome (17.7 vs. 3.5%, P ,
0.001) (Supplementary Tables 1 and 2).
There was no signiﬁcant difference be-
tweenthesexesinmetabolicriskexpressed
as a continuous clustered metabolic score,
but urban dwellers had a signiﬁcantly
higher mean score than rural dwellers
(0.80 6 3.67 vs. 21.11 6 2.90, P ,
0.001). This difference was observed to
correspond to a rural-to-urban right shift
in the population density distribution of
the clustered metabolicz-score when strat-
iﬁed by residential area (Fig. 1). A similar
but reverse difference was observed with
the population distribution of PAEE,
with a rural-to-urban left shift in the distri-
bution.
Table 2 presents independent associ-
ations between PAEE quartiles and prev-
alent metabolic syndrome. With the
lowestquartileofPAEEasreference,there
was a strong inverse association between
PAEE and prevalent metabolic syndrome.
Compared with the lowest quartile of
PAEE, being in the 2nd quartile of PAEE
wasassociatedwithareductionintherisk
Table 1—Clinical and metabolic characteristics by quartiles of PAEE in adult Cameroonians (n = 552)
Quartiles of PAEE
P Q1 Q2 Q3 Q4
PAEE (kJ/kg/day) 25.8 6 0.9 40.8 6 0.9 54.9 6 0.9 82.7 6 0.9 ,0.001
Age (years) 41.6 6 0.7 38.7 6 0.8 36.1 6 0.7 37.7 6 0.7 ,0.001
Education (years) 12.6 6 0.4 11.1 6 0.4 10.1 6 0.4 8.2 6 0.4 ,0.001
BMI (kg/m
2)2 8 . 0 6 0.4 27.3 6 0.4 25.3 6 0.4 23.4 6 0.4 ,0.001
WC (cm) 93.3 6 0.9 90.9 6 0.9 86.8 6 0.9 82.3 6 0.9 ,0.001
Body fat (%) 31.0 6 0.9 30.0 6 0.9 27.7 6 0.9 23.7 6 0.9 ,0.001
Diastolic BP (mmHg) 81.8 6 1.1 77.7 6 1.0 74.0 6 1.0 71.4 6 1.0 ,0.001
Systolic BP (mmHg) 129.1 6 1.6 124.3 6 1.6 119.7 6 1.6 117.1 6 1.6 ,0.001
Fasting BG (mmol/L) 5.0 6 0.1 4.7 6 0.1 4.6 6 0.1 4.7 6 0.1 0.01
2-h BG (mmol/L) 6.5 6 0.2 6.3 6 0.2 6.2 6 0.2 6.2 6 0.2 0.1
HDL cholesterol (mmol/L) 1.23 6 0.03 1.23 6 0.03 1.25 6 0.03 1.19 6 0.03 0.4
Triglycerides (mmol/L) 0.93 6 0.04 0.83 6 0.04 0.82 6 0.04 0.80 6 0.04 0.09
Fasting insulin (pmol/L) 34.1 6 2.8 35.9 6 2.7 24.9 6 2.7 17.7 6 2.6 ,0.001
zMS (z-score) 1.78 6 0.27 0.65 6 0.27 20.81 6 0.27 21.77 6 0.26 ,0.001
MS 23 (20) 17 (14) 9 (7) 6 (5) ,0.001
Data are age-adjusted means 6 SE or n (%). P values for linear trend across quartiles of PAEE. BG, blood glucose; BP, blood pressure; MS, metabolic syndrome; WC,
waist circumference; zMS, clustered metabolic risk score.
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Assah and Associatesof prevalent metabolic syndrome, which
wasnotstatisticallysigniﬁcant(oddsratio
0.63 [95% CI 0.32–1.25]). The risk of
prevalent metabolic syndrome was signif-
icantly lower for the 3rd and 4th quartiles
of PAEE compared with the 1st quartile
(0.32 [0.14 – 0.73] and 0.19 [0.08 – 0.49],
respectively). Multivariate adjustments for
age, sex, residential area, smoking, alcohol
drinking,fruitandvegetableconsumption,
and educational level as potential con-
founders attenuated but did not change
these associations.
Deﬁning the lowest quartile of PAEE
to represent sedentary or inactive lifestyle,
thepopulationattributablefractionofprev-
alent metabolic syndrome due to a seden-
tary or inactive lifestyle was 26.3% (25.3%
in women and 35.7% in men). Expressing
PAEE as a continuous variable, and as-
suming a linear relationship with the met-
abolic syndrome, each kJ/kg/day of PAEE
was associated with a 2.1% lower risk
of prevalent metabolic syndrome (odds
ratio 0.98, P = 0.03), after adjustment
for potential confounders as in Table 2,
model 3. This implies that an increase of
6.5 kJ/kg/day of PAEE would correspond
to approximately 13.7% risk reduction
in prevalent metabolic syndrome. This
amount of PAEE can be achieved by
30 min/day of brisk walking.
CONCLUSIONS—Our results suggest
that free-living PAEE was signiﬁcantly and
independently associated with prevalent
metabolic syndrome. This association per-
sisted after multivariate adjustments for
possible confounders and was similar in
both urban and rural dwellers, even
thoughruraldwellersweremorephysically
active and had a more favorable metabolic
proﬁle than urban dwellers. Low levels of
physical activity may be contributing sig-
niﬁcantly to the metabolic syndrome in
this population. Theoretically, these data
suggest a 26.3% population attributable
fraction of prevalent metabolic syndrome
as a result of being in the lowest quartile of
PAEE. However, independent of several
confounders, it is likely that small changes
in PAEE may confer signiﬁcant beneﬁts in
termsoflowerriskofmetabolicsyndrome.
Because of the cross-sectional design
of our study, we cannot infer causality.
Further, generalization of these results to
other populations should be made with
caution. The study sample included only
adults aged 25–55 years without known
metabolic syndrome or CVD. Therefore,
these results may not be directly general-
izable to younger or older individuals, as
well as individuals with diagnosed preva-
lent metabolic or cardiovascular disease.
The lack of complete population registers
as well as the absence of ﬁxed house ad-
dresses or telephone numbers limited our







based surveys with respect to BMI, blood
pressure, and educational level (21,22).
Separate from prevalence of risk factors,
one could argue that educational level
may have inﬂuenced volunteering for
this study. However, the proportion
of volunteers in this sample having at
least a secondary education (44% of
menand35%ofwomen)wascomparable
to data from the 2004 demographic and
health survey in Cameroon (48% of men
and 32% of women) (21). The observed
inverse association between total volume
of physical activity (PAEE) with the met-
abolic syndrome is comparable to results
from previous studies which used ob-
jective measures of physical activity
(12,13,23). Franks et al. (23) reported a
Figure1—PopulationdistributionofPAEEandclusteredmetabolicz-scoreinadultsinruraland
urban Cameroon.
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PAEE and metabolic risk in rural and urban Cameroonsigniﬁcant inverse association between
PAEE scaled for fat-free body mass and
a clustered metabolic syndrome score.
However, we scaled PAEE for body
weight, not fat-free mass. Although re-
searchers agree that PAEE should be ex-
pressed taking into account differences in
body size, the exact scaling factor applica-
ble to body size is still a contentious issue.
During light intensity locomotion activi-
ties, which are the main component of to-
tal activity in many people, the energy
expended is predominantly to move the
body weight. The expression of PAEE
per kilogram body weight may be more
appropriate for the habitual free-living ac-
tivity pattern, and is easy to interpret for
clinical or public health usage.
The importance of the distribution of
free-living physical activity intensities,
beyond total volume of physical activity,
on metabolic health is still uncertain.
Many studies that have examined the
effect of intensity distribution of physical
activity on global metabolic risk have
used self-report of physical activity (24).
Studies that have used objective assess-
ment of physical activity intensity distri-
bution are less common (12,13). Most
studies conﬁrm the deleterious effect of
increasing sedentary time or decreasing
moderate-to-vigorous physical activity
on the metabolic syndrome (12,24).
However, the beneﬁts of increasing over-
all activity compared with shifting the in-
tensitydistributiontowardmorevigorous
activity is still inconclusive. In this study
we show that objectively measured total
volume of physical activity had a signiﬁ-
cant independent association with the
metabolicsyndrome.Ouruseoftotalvol-
umeofactivity may bemore applicableto
health promotion initiatives in regions
with low literacy. It may be more feasible
toencourageoverallphysicalactivitythan
to recommend speciﬁc subdimensions of
activity to less educated people.
Rapid urbanization of lifestyle in sub-
SaharanAfrica ischaracterized by increas-
ing prevalence and clustering of metabolic
risk factors such as diabetes, high blood
pressure, and obesity (4,25). Our data
show an evident rural-urban gradient of
PAEE, which mirrors progression toward
westernlevelsofhabitualphysicalactivity.
This transition is not only explained by
increasing frequency ofhighrisk individ-
uals,butbyashiftintheunderlying pop-
ulation distribution of risk factors. Our
use of an aggregate variable for metabolic
health (the metabolic syndrome) is rele-
vant for assessing the effects of physical
activity level on multiple risk factors in
the whole population. Further, the meta-
bolic syndrome isassociated witha higher
morbidity and mortality (3). We did not
collect data on energy intake in this study
because of the difﬁculties of collecting ob-
jective dietary data in a population-based
study. However, we adjusted for self-
reported fruit and vegetable intake in
the analyses, which would capture part
of the variance associated with healthy or
unhealthy dietary habits.
These data suggest a signiﬁcant pop-
ulation burden of prevalent metabolic syn-
drome associated with being in the lowest
quartile of PAEE, or a mean PAEE of 26 6
7 kJ/kg/day. This level of physical activity
corresponds to an average of 45 MET-
hours/week. Typically, these individuals
wouldbespendingmorethan80%oftheir
time in sedentary activities with very little
physical effort. Encouraging people to in-
crease their physical activity, even through
reduction of sedentary time, may confer
considerable health beneﬁts especially in
the least active individuals.
Inconclusion,PAEEisindependently
associated with the metabolic syndrome
in this population. Reduction in physi-
cally active lifestyles as a result of urban-
ization may be critical in driving the
currenttransitiontowardahigherburden
ofmetabolicdiseasesinthisregion.Public
health interventions to increase physical
activity may be expected to signiﬁcantly
curb the burden of metabolic syndrome
in sub-Saharan Africa.
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